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solvent treatment, and similal'ities to peaks observed in lipid 
solvent extracts of the same tissue. In preliminary studies 
similar peaks were also identified in stratum corneum sheets 
obtained from fresh human surgical and autopsy skin, and in 
lipid extracts from these human tissues as well [10], an indica-
tion that physiologic lipid transitions may be a general feature 
of mammalian stratum corneum. Although prior studies have 
sought lipid thermal transitions in the full temperatuTe range 
[3-5], none have clearly documented their existence. Experi-
ments are cunently underway to determine whether discrete 
peaks on calorimetry can be assigned to specific lipid frac t ions. 
If such a relationship could be established, then, it might be 
possible to ascribe specific fu nctions [ll], e.g. , water balTier , 
cohesion, desquamation, to phase-transition shifts of specific 
lipid fractions. 
It is tempting to speculate that the appearance of several 
peaks on repeated heating and cooling results from zone frac-
tionation of the initial lipid extracts in the sample chamber. 
Lipid fractionation in the DSC may occur as a result of either 
the large surface area of the sample cell in comparison to the 
sample size or the slow scan rate (-O.l °C/min.). The alternate 
explanation that these additional peaks represent degradation 
products from prolonged heating seems unlikely in light of the 
chromatographic profiles of the lipids pre- and postcalorimetry 
(Fig 4). The experiments in progress on specific lipid fractions 
will further clarify whetheJ' these fractions each derive from 
one individual lipid species. 
The authors thank Marilyn A. Lampe and Barbara E. Brown for 
theil' expert assistance. 
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The distribution of A, B, and H blood group antigens 
and 2 blood group precursor carbohydrate chains (N-
acetyl-Iactosamine and lacto-N-triosyl-group) was ex-
amined in human buccal epithelium. The material in-
cluded tissue from persons with blood group A, B, and 
0, 9 from each group. 
Six patients in each group were secretors of blood 
group antigens in the saliva and 3 were nonsecretors. 
The blood group antigens and the precursors of these 
were studied by an immunofluorescence staining tech-
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nique. Murine monoclonal antibodies were used to iden-
tify H-antigen (type 2 chain) and for N-acetyl-lactosa-
mine whereas polyclonal rabbit antibodies were used for 
lacto-N-triosyl-group. 
In all groups lacto-N-triosyl and N-acetyl-lactosamine 
were found on the cell membranes of basal and deeper 
spinous cells. The H-antigen was mainly present on cell 
membranes of the lower spinous cells. Only the basal 
cells above the connective tissue papilli showed cell 
membrane staining. Cytoplasmic staining in the upper 
two thirds of the epithelium was found with all anti-
bodies when they were used in high concentrations. 
The A and B blood group antigens were detected by 
human blood group test sera and were found exclusively 
on the cell membranes of the spinous cells. The different 
sites of expression of A and B antigens and expression 
of H, and the precursor antigens N-acetyl-Iactosamine 
and lacto-N-triosyl, suggest a stepwise building up of 
carbohydrates with blood group specificities during the 
differentiation of buccal epithelial cells. 
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The blood group antigens A, B, and H on human erythrocytes 
are also associated with other cells and tissues throughout the 
body including the mucosal epithelial cell membranes and 
mucus secretions [1,2]. 
Erythrocyte-bound group antigens A, B, and H are glycolip-
ids and glycoproteins, which have recently been described in 
detail [3]. The carbohydrate moiety of these lipids or proteins 
is built up step-wise by enzymes specified by the A, B, and H 
genes. The H antigen is a precursor for the A and B antigens. 
There are 2 types of carbohydrate chains, type 1 and type 2, 
which are carriers of the A, B, and H antigens [4]. Both chains 
carry the antigen determinant as end structures but may vary 
considerably in their length and degree of branching [3]. Type 
2 chain has a repeating Gal,BI-4 GlcNAc structure (N-acetyl-
lactosamine) and type 1 chain has a repeating structure of 
Gal,BI-3 GlcNAc (Fig 1). The distribution of type 1 and type 
2 chains is organ-dependent [3]. Human erythrocyte mem-
branes contain only type 2 chains, whereas type 1 chain pre-
dominates over type 2 chain in human intestinal epithelium 
[3,5]. 
The presence of A and B antigens have been extensively 
studied by immunohistochemical techniques in normal, pre-
malignant and malignant oral epithelium. They are found on 
normal epithelia cell membranes but generally not on the 
membranes of premalignant and malignant cells [6-9]. The loss 
of blood group A and B antigens from malignant cells has been 
explained by a block in synthesis that may lead to accumulation 
of antigen precursors [10]. Knowledge about the distribution of 
precursors of blood group antigen A and B in normal oral 
epithelium is therefore important as it may serve as a baseline 
against which malignant changes can be evaluated. Such studies 
have been made possible recently by monoclonal antibodies 
prepared by hybridoma technique against blood group H (type 
2 chain) and to N-acetyllactosamine, the immediate precursor 
to H (type 2 chain). We applied these reagents to human buccal 
mucosa to study the location of blood group antigen H (type 2 
chain) and its precursor carbohydrate. We compared the dis-
tribution of these antigens to the distribution of blood group 
antigen A and B and to the distribution of a carbohydrate 
structure lacto-N-triosyl, which is a precursor to both type 1 
and type Z chains. 
MATERIALS AND METHODS 
Tissue 
Punch biopsy specimens of normal human buccal mucosa, 4 mm in 
diameter, were obtained under local anesthesia (2% lidocaine). The 
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FIG 2. Human buccal mucosa stained with a nt i-Iacto-N-triosyl 
group antibody dilution 1:2. Basal and deeper spinous cells show a weak 
cell surface staining. Cytoplasmic staining is present in upper two-
thirds of epithelium. Arrows indicate basement membrane zone (scale 
= 100/lm). 
Twenty-seven specimens from healthy young volunteers were inves-
tigated. Nine were blood group A, 9 blood group Band 9 blood group 
O. Each group consisted of 6 individuals who secrete blood group 
a ntigens in saliva and 3 nonsecretors [1]. Blood typing was performed 
at the Blood Grouping Department, Statens Seruminstitu t, Copen-
hagen, and the secretor status was determined at the Forensic Institute, 
Department of Serology, University of Copenhagen, Denmark. 
Antigens and Antibodies 
The chemical composition of blood group antigen A and blood group 
antigen H (type 2 chain) and of the 2 precursor carbohydrate chains is 
given in Fig 1. 
Monoclonal antibodies directed to blood group H (type 2 cha in) and 
its precursor carbohydrate N-acetyl-lactosamine were prepared by a 
hybridoma technique. Polyclonal a ntibodies specific for lacto-N-triosyl 
group, t he precursor to both type 1 and type 2 chains were produced in 
rabbits [11]. 
Antibodies against blood"group antigens A and B were human sera 
described previously [12]. 
Staining 
The blood group antigens A, B, H and the preCUl'sor carbohydrates 
were detected in the tissue by a double layer immunofluorescence 
staining technique. The sow'ces of the antisera are given in Fig 1. 
Details of the staining technique, conjugates and method of exam ina-
tion have been described previously [6,12]. The antibody to lacto-N-
triosyl grou p was used in dilutions of 1:2, 1:16 and 1:32. The monoclonal 
antibodies were used in serial dilution from 1:15 to 1:960. Anti-A and 
anti-B were diluted from 1:2 to 1:64. 
Control Reactions 
N- acetyllactosomine Gaipi - ' 4GlcNAc - R Type. 2 chain speci fi c The controls were (1) staining with conjugates alone, (2) substitution 
lacto - N - triosyl 
chain 2 only MOUSE MONOCLONAL ANTIBODIES of the primary antisera with nonimmune sera a nd (3) use of anti-A and 
anti -B sera which had been previously absorbed with their respective 
a nti ifens. 
GIcNAo R 
p,ecuso, to both chain 1.2 RABBIT POLYCLONAL ANTIBODIES RESULTS 
FIG 1. The chemical composition of blood group antigen A, H (type The lacto-N-triosyl group was detected on the cell mem-
branes of the basal and para basal epithelial ceUs, but the 2) and 2 precursor carbohydrates. 
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staining reaction was so weak that it could be observed only 
when using the 1:2 dilution of the antibody. Cytoplasmic stain-
ing was detected in the upper 2/3 of the epithelium (Fig 2). 
The N-acetyllactosamine was fou nd on t he membranes of 
basal and para basal epith'elial cells (Fig 3) . T here was also a 
cytoplasmic staining in the upper 2/3 of the epithelium (Fig 
3A) . Titration of the primaJ'y antibody showed that the mem-
brane fluorel!..:ence remained at dilutions up to 1:120 but cyto-
plasmic staining was present only at high a ntibody concentra-
tions a nd disappeaJ'ed at dilutions> 1:30 (Fig 3B) . 
Blood group antigen H (type 2 chain) was found mainly on 
the cell membranes of the paJ'abasal and lower spinous cells 
(Fig 4A). There were, however, regional staining differences in 
relation to the rete ridge pattern . In the epithelium over con-
nective tissue papillae, basal and paJ'abasal cells stained (Fig 
4C) in contrast to the epithelial ridges where only suprabasal 
epi th elial cells stained (Fig 4B) . Titration of the antibody 
revealed that cytoplasmic staining was present in t he spinous 
cells in dilutions of t he antibody up to 1:30 whereas cell mem-
bmne staining was found in dilutions up to 1:960. In all speci-
mens the endothelial cells in t he subepithelial tissue stained 
positively even at low antibody concentrations (1:2000) where 
no epithelial staining was seen. 
The staining reactions for lacto-N-triosyl, N-acetyl-Iactosa-
mine and blood group an tigen H (type 2 cha in) were not 
affected by the patients' blood group or secretor status. 
The staining of sections fro m persons with blood group A and 
B with anti-A and anti-B respectively confirmed our previously 
published results [6,7,12]. The antigens were present on the 
epithelial cell membranes of all spinous cells. Secretors showed 
""' a strong staining reaction with antibodies dilu ted 1:64 (Fig 5) 
whereas nonsecretors reacted weakly and were positive only 
with dilutions of 1:2. 
All control reactions showed no staining. 
FIG 3. Human buccal mucosa stained with anti-N-acetyl-Iactosa-
mine. The basal and parabasal cell layers show a distinct 'ell membrane 
staining. A, Antibody dilution 1:15, cytoplasmic staining is present, in 
the upper half of the epithelium. B, Antibody dilu tion 1:120, cytoplas-
mic staining has disappeared, cell membrane staining still present. 
A rrows indicate basement, membrane zone (sca.le = ]00 ILln). 
FIG 4. A , Human buccal mucosa stained with antibodies to type 2 
chain Ii antibody dilution 1:240. B, Rete ridge and C, Connective tissue 
papillae. Membranes of lower spinous cells stain distinctly. Basal cells 
in rete ridges do not stain (B), whereas basal cells cover connective 
tissue papillae stain. Note staining of vessel (C). Arrows indicate 
basement membrane zone (sca.le = 100 11m). 
DISCUSSION 
We have shown that it is possible to demonstrate precursors 
to blood group antigen A and B in oral mucosa. We have also 
shown different distributions for the precmsors within the 
epithelium and that they are different from the distribution of 
blood group antigens A and B . 
Several studies have shown that blood group antigens A, B, 
and H al'e not influenced by formalin fIxation and paraffin 
embedding procedme due to theu' polysacchaJ'ide natme [12-
14]. We performed preliminary studies on unfixed aU'-dl'ied 
cryostat sections and found that fixation and embedding had 
no influence on the distribution of the staining of lacto-N-
triosyl, N-acetyllactosamine and antigen H (type 2 chain). 
The amount of antigen in tissue can be estimated by titration 
of the antibody against that antigen. In the present study we 
showed that the cytoplasmic antigens were always demon-
strated by lower dilutions of t he a ntibody than the cell mem-
5 
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FIG 5. Human buccai mucosa from SeCl"etor stained with anti -A 
antibody dilution 1:64. A distinct cell membrane staining is seen in the 
spinous and more superficial cell layers (scale = 100 p.m). 
brane bound antigen,s. Obviously, the present technique does 
not allow for comparing the amount of the different antigens 
investigated. Such studies would among other things requil'e 
information about the amount of purified antigen that can be 
absorbed by the antibodies. For example, the difference in 
endpoint titer obtained in stainings with anti-N-acetyllactosa-
mine and anti-H therefore does not necessarily reflect different 
amounts '.>f the 2 antigens. 
Our results d"'emonstrate antigen H (type 2 chain) and its 2 
precursor carbohydrates lacto-N-triosyl group and N-acetyl-
lactosamine on the membranes of epithelial cells from normal 
nonkeratinized oral mucosa. The precursors to H antigen are 
found on basal and parabasal cells whereas antigen H (type 2 
chain) is found mainly on parabasal and lower spinous cells. A 
and B antigens are present only on spinous and more superficial 
cells. 
Blood group antigens A and B are synthesized by addition of 
terminal carbohydrates to a precursor substance with blood 
group antigen H activity [3,4]. It is, therefore, interesting that 
the basal cell layer which lacks blood group A, Band H antigens 
stain with the antisera to precursors to H antigen (type 2 chain) 
and that H antigen (type 2 chain) is found at a lower level in 
the epithelium than the A and B antigens. This suggests a 
stepwise build-up of cell surface carbohydrates during epithelial 
differentiation and corresponds to findings in other tissues that 
also have demonstrated elongation of carbohydrate chains dur-
ing differentiation [10]. In the intestinal mucosa the germinat-
ing crypt cells contain lactosylceramide whereas the differen-
tiated cells of the villi contain a sialated form of this substance 
[15]. Furthermore, there m"e more precursors to blood group 
carbohydrate chains in fetal erythrocytes compared to .adults 
[11,16] and studies with lectins have shown that certain sugars 
are added to human epidermal cell membranes as the germi-
native layer differentiates into the granular cell layer [17]. 
Previous studies with Ulex europaeus and Bombay serum to 
detect H antigen have shown its presence on epithelial cells of 
the oral mucosa with a distribution similar to that of A and B 
antigens [18). However, those reagents can detect both type 1 
Vol. 79, No.1 
and type 2 chains. This difference in specificity may therefore 
account for the difference between the present and the previous 
results. 
Previous studies have shown that secretors and nonsecretors 
have different amounts of blood group antigen A, Band H in 
their saliva and on theil" buccal epithelial cell membranes 
[1,6,18]. 
The present study confIrms this relationship with regard to 
blood group A and B but not to H as there was no difference in 
expression of H antigen (type 2 chain) between secretors and 
non-secretors. As the previous studies detected both type 1 and 
type 2 chains, the present findings may suggest that the secretor 
genes control only type 1 chains. This idea coresponds well with 
the fact that erythrocyte-bound blood group antigens, which 
moe expressed independently of the secretor status, are type 2 
chains. 
Intracellular localization of substance with blood group an-
tigen activity has not previously been demonstrated in stratified 
oral epithelium but is seen in salivary gland epithelium of 
secretors [2]. In the present study, t he cytoplasmic staining 
with both H (type 2 chain) and the 2 precursor carbohydrates 
was independent of the patient's secretor status. The signifi-
cance of this cytoplasmic staining is unknown although the 
distribution is clearly related to the maturity of the cell. Re-
cently, other cytoplasmic glycoproteins have been demon-
strated in rabbit lip epithelium with monoclonal antibodies 
against erythrocyte cell membrane glycoproteins [19]. Although 
these antigens have different distributions than the antigens we 
have studied, they also seem to be related to epithelial cell 
maturation. 
Cell kinetic studies and ultrastructural studies of tongue and 
palatal mucosa indicate that basal cells above the top of the 
connective tissue papillae may represent a compm"tment of 
postmitotic mature basal cells which may be comparable to 
suprabasal cells on the epithelial ridges [20,21]. Our findings of 
H antigen on the basal cells above the top of connective tissue 
papillae in buccal mucosa supports this concept although it 
should be stressed that the histology and cell kinetics of the 
different tissues vm'y [22-24]. 
We have recently shown that t here is a loss of cell surface 
carbohydrates during malignant transformation [10] and in oral 
mucosa these changes include loss of blood group antigen A 
and B [9]. In future work, theref01"e, it will be of interest to 
study the expression of H (type 2 chain), N-acetyl-lactosamine 
and lacto-N-triosyl group in oral carcinomas. 
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Percutaneous Absorption of Methotrexate: Effect on Epidermal DNA 
Synthesis in Hairless Mice 
MARINA A. BALL, M.D., JERRY L. MCCULLOUGH, PH.D., AND GERALD D . WEINSTEIN, M .D. 
Department of Derm.atology, University of California, Irvine, California College of Medicine, Irvin e, Califomia, U.S.A. 
One of the presumed reasons for the lack of clinical 
activity of topical methotrexate in psoriasis is insuffi-
cient percutaneous penetration necessary to inhibit epi-
dermal DNA synthesis. The present study was under-
taken to select a vehicle to optimize penetration ofmeth-
otrexate in vitro and to determine the effects of this 
topical formulation on epidermal DNA synthesis in vivo 
in hairless mouse skin. 
Increased penetration of methotrexate was obtained 
in human skin in vitro with Vehicle N compared to water 
and n-decylrnethylsulfoxide vehicles. Repeated topical 
application of this methotrexate/Vehicle N preparation 
produced marked epidermal atrophy in treated sites in 
both normal and hyperproliferative essential fatty acid 
deficient hairless mouse skin without similat· effects at 
a distant skin site. Local inhibition of epidermal DNA 
synthesis was also obtained without systemic effects at 
a distant site. These studies demonstrate that metho-
trexate in Vehicle N may produce a direct effect on 
epidermis which may be useful for the topical therapy of 
psoriasis. 
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Methotrexate (MTX) has been used successfully for the 
systemic treatment of widespread severe psoriasis, but the risk 
of short-term and long-term effects has precluded the use of 
this dl'Ug for the great majority of patients with minimal p 0-
riasis [1]. Clinical trials of topical methotrexate therapy in an 
effort to circumvent systemic toxicity, have been uniformly 
disappointing [2-5], despite data which suggest that methotrex-
ate acts directly on the psoriatic plaque rather than systemically 
at a distant site [6,7). Other studies show that topical metho-
trexate preparations produce negligible percutaneous penetra-
tion of human skin in vitro [8] and in vivo [9,10] and thus 
suggest that the drug is not delivered to the proliferative 
epidermal cells where it is thought to act. 
In an effort to develop a topical ly effective methotrexate 
preparation for psoriasis, these studies were designed to test 
various vehicles to enhance methotrexate percutaneous pene-
tration in vitro and to evaluate the effect of these topical 
methotrexate formulation on epidermal DNA synthesis in 
hairless mice in vivo. 
MA TERIALS AND METHODS 
MethoLrexaLe was obtained fTom Lederle LaboraLories, Pearl River , 
New York, t1U'ough the courtesy of Dr. J. Birnbaum. MeLhot.rexate 
(3 ',5',7-"H) sodium (250 mCi/mmole) was obtained from Amersham 
and prjor to use was purified by chromatography on thin-layer cellulose 
plates in 0.006 M potassium phosphate buffer, pH 6.0. Deoxyuridine 
(6-"H) (25 Ci/mmole) was obtained from New England Nuclear, n-
decylmethylsulfoxide from Cyclo Chemical, and Veh icle N (alcohol 
47.5%, water, laureth-4, isopropylalcohol 4%, propylene glycol) from 
Neutrogena CorporaLion. 
In Vitro Percutan.eous Pelletration Assay 
T he percutaneous peneLration of methoLrexate was measured in 
glass diffu ion ce lls as previou Iy described [81. Exci ed human skin 
